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Abstract  
This study investigates the effect of  Sodium Chloride (NaCl) coagulant medium with different 
concentration to produce Polysulfone (PSf) ultrafiltration (UF) asymmetric membrane. The polymer 
membrane prepared by a phase inversion method using Polysulfone (PSf) as a base polymer, 
Polyethylene glycol (PEG) 400MW as copolymer additive, N-methyl-2-pyrrolidone (NMP) as 
solvent and NaCl coagulant medium with different concentration as nonsolvent. In this work, the 
concentration of immersion medium for membrane phase immersion process prepared based on 
different coagulation concentration medium NaCl was modified repeatedly in the range of 1-5%. 
These membrane performance  were analyzed via pure water permeation and solute rejection of 
humic acid. Based on these results, the membrane immersed in 4% concentration of  NaCl 
coagulant medium showed the highest pure water  permeation (235.69 l.m
-
². h
-
¹) and solute 
rejection of humic acid which is up to 98%.  
 
Introduction 
Phase inversion is one of the most popular and common technique that used for most researchers 
via immersion precipitation as a way to prepare microfiltration and ultrafiltration asymmetric 
membrane of polymer [1-5]  and ceramic membranes [6-8]. According to this technique, a thin film 
of polymer homogenous dope solution is cast on a suitable substrate such as glass, polyester or 
polyethylene non-woven fabric, metal, Teflon henceforward immersed in a non-solvent bath where 
exchange between solvent and  non-solvent and the precipitation of polymer take place [7].  
 Nevertheless, this conventional method is not flexible enough to produce all the ideal 
membrane structure and properties. Thus, modification of basic procedure are commonly required 
including the addition of certain additive [1-5], introducing advance stride to make enhancement 
such as evaporation[9] or annealing [10], and coupling chemical reaction with phase separation 
[11]. Previous studies reported that by modification of polysulfone (PSf) ultrafiltration membrane 
with changing composition in casting solution or coagulation bath will gives positive implication to 
morphology and properties of membrane [12,13]. Coagulation bath is one of the methods used to 
make modification of membrane in term of structure and properties with an addition certain additive 
such as inorganic salt. 
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  Thus, in the present works, the modification of Polysulfone (PSf) ultrafiltration membranes 
were prepared by using phase separation method commonly called “phase inversion” with different 
concentration of NaCl as coagulation mediums. The Polyethylene glycol (PEG) will be used as 
copolymer additives to improve the membrane hydrophilic nature and pore size distribution [14-
16]. These additives will bring positive influence of membrane performance mainly in flux and 
rejections. The performance of membrane was evaluated via crossflow filtration method.  
 
Preparation of PSf ultrafiltration membrane 
The Polysulfone (PSf)  dried with temperature 40˚C for 1hour before used.The casting formulations 
were prepared by dissolving the ratio between, PSf and Polyethylene glycol (PEG) into N-methyl-2-
pyrrolidone (NMP). Firstly, The NMP was stirred by using a mechanical stirrer at temperature 60˚C 
with speed 500 RPM. Then, The PSf was added into NMP solutions during the stirring process. The 
stirring processes continue up to 4 hour to get homogenous solution.Next, the PEG 400MW was 
added into solutions and the stirring process continue to10 minutes.These solutions were transferred 
into a dry bottle that controlled by an electrostatic machine for release bubbles. Later on, The 
casting solution was cast using casting knife with range thickness 100-120µm and immersed into a 
coagulation bath containing distilled water. Then, the flat sheet membranes were dried 24 h before 
testing [1,2,3,11]. In this study, the coagulation medium were demineralized water or aqueous 
solution of sodium chloride (NaCl) at dissimilar concentrations is modified repeatedly in the range 
of 1-5 %. These aqueous solutions of sodium chloride were prepared by dissolving the ratio 
between the amount of weight sodium chloride and distilled water volume. 
 
Membrane evaluation 
The performance of filtration PSf/PEG ultrafiltration membrane was evaluated based on pure water 
permeation fluxes (PWP) and solute rejection rates (SR). All the experiment were performed at 
ambient temperature. The flat sheet membrane was cut in a circle form before it was installed in  
membrane permeation testing unit cell.The effective area for membrane  permeation test was 
around 2.0 x 10
-3
 cm² [1-4].The best three membranes with similar thickness and fine surface were 
prepared for each testing to ensure consistent average value. The pure water flux test was carried 
out by using distilled water. Meanwhile, the rejections were tested with humic acid concentration. 
 
Pure water flux calculation 
 
                  ( i ) 
 
Where  is a permeation flux for distilled water and wastewater (Lm
-2
h
-1
) ,  is volumetric flow rate 
of permeation solution and  is the permeation time (h). The solute rejection membranes were 
evaluated by using humic acid. The absorbance was measured by using the spectrophotometer 
(Shimadzu UV-160) at wavelength of 254 nm against a reagent blank. The calculation of solute 
rejection is defined as: 
 
SR = x 100           ( ii ) 
 
Where  and  are humic acid concentration in the feed and permeate solution, respectively. 
 
Fig 3 illustrates the relative permeation of water flux PSf membranes prepared through different 
coagulation medium in the phase inversion technique. Results from the graph demonstrated that the 
pure water flux of membrane immersed with NaCl aqueous solution increased drastically compared 
to the membrane immersed in distilled water. The plot also shows that the pure water flux increased 
with the increased of  NaCl concentration from 3% to 5% as shown in Fig 3. The highest pure water 
flux is given by the membrane at 5% NaCl with permeation value at 235.69 l.m
-
².h-¹. Meanwhile, 
the lowest pure water flux is given by the membrane that immersed in water coagulation medium 
with value at 102.694 l.m
-
².h
-
¹. 
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  In general, the addition of sodium chloride into coagulant bath will lessen the driving force 
for the film precipitation henceforward reduce the permeability of membrane [12,13]. However,  
result from this study present reverse tendency which is similar to M. Wang et al [12]. According to 
their studies, this is due to chemical reaction between additives of casting solution and coagulation 
medium. The higher rate of salt concentration exhibited higher permeation rate as reported also by 
others previous studies [12,13]. 
 
 
 
           Fig 3: The pure water flux permeation NaCl 
 
Humic acid rejection 
 
According to the Fig 4, the graph illustrates the effect of humic acid concentration in the percent of 
rejection and flux rate during filtration. By referring to the graph, the membrane immersed in  4% 
salt concentration coagulation medium shows the highest percent of humic acid rejection at  98% 
compared to other immersion NaCl concentrations. The graph also shows that the membrane 
immersed in distilled water as coagulant medium gives lowest in rejection and flux values. This  
indicates that the presence of NaCl into coagulant medium has not only enhance the pure water flux 
but also solute rejection. This shows that the membrane exhibit a hydrophilic property  when 
immersed in  NaCl aqueous solution. This was demonstrated  by previous studies [17,18] that 
explained membrane with more hydrophilic property tend to decrease the interaction between the 
hydrophobic contaminants, inherently increasing the rejection property. However, when the NaCl 
concentrations exceeded to 5%, the percent of solute rejection begin to decrease due to the slightly 
increment of  permeation rate. 
  
            
Fig 4 : The effect of humic acid concentration 
 
Conclusion 
The PSf/PEG ultrafiltration anisotropic flat sheet membrane was fabricated via phase inversion 
method using different immersion medium. The performance of membranes in term of pure water 
permeation and solute rejection have been investigated. According to the observations and data 
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 analysis, results showed that the presence of NaCl as nonsolvent coagulation medium absolutely 
enhanced the performance of membrane permeation and solute rejection rate. The pure water 
permeation rate of membranes increased when NaCl concentration increased. However, the 
membrane rejection slightly decreased when the NaCl concentration increase at 5%. Among to the 
all membranes, the membrane immersed in 4% concentration NaCl coagulant medium gives highest 
pure water permeation and solute rejection. 
 
References 
 
[1] Z. Harun, M. F. Shohur, M. Z. Yunos, M. R. Jamalludin, and A. F. Ismail, The Effect of 
Crystalline Rice Husk Silica on Polysulfone Membrane for Wastewater Treatment, Adv. 
Mat. Res. 328 (2013) 798–801. 
[2]  Z. Harun, M. R. Jamalludin, M. Z. Yunos, M. F. Shohur, and A. F. Ismail, The Effect of 
Amorphous Rice Husk Silica to the Polysulfone Membrane Separation Process, Adv. Mat. 
Res. 701(2013) 319–322. 
[3] M. Z. Yunos, Z. Harun, H. Basri, and A. F. Ismail, Effects of Water as Non-Solvent 
Additive on Performance of Polysulfone Ultrafiltration Membrane, Adv. Mat. Res. 488–489 
(2012) 46–50. 
[4]  A. Idris, I. Ahmed, and M. A. Limin, Influence of lithium chloride, lithium bromide and 
lithium fluoride additives on performance of polyethersulfone membranes and its application 
in the treatment of palm oil mill effluent, Desalination. 25 (2010) 805–809. 
[5] A. Rahimpour, S. S. Madaeni, and Y. Mansourpanah, Fabrication of polyethersulfone (PES) 
membranes with nano-porous surface using potassium perchlorate (KClO4) as an additive in 
the casting solution, Desalination. 258 (2010) 79–86. 
[6] Kang Li., Ceramic membrane for separation and Reaction, John Wiley and sons, West 
Sussex, 2007. 
[7] N.F. Ismail, Z. Harun, N.A. Badarulzaman, A Comparative Study of Double Layers 
 Al2O3/Al2O3 and Al2O3/SiO2 Prepared By Microwave and Natural Drying, International 
Journal of Integrated Engineering, 4 (2012) 16-21. 
[8] Z. Harun,  N. F. Ismail, N. A. Badarulzaman, Effect of MgO Additive on Microstructure of 
Al2O3, Adv. Mat. Res. 488 – 489 (2012) 335-33.  
[9] Drioli, E. and L. Membrane Operations, Wiley, 2009 
[10] D. B. Mosqueda-Jimenez, R. M. Narbaitz, T. Matsuura, G. Chowdhury, G. Pleizier, and J. P. 
Santerre, J. Membr. Sci. 231 (2004) 209–224. 
[11] J. Bumsuk, Y.J. Ki, K. Bokyung, R. Hee-Woo, Effect of crystallization and annealing on 
polyacrylonitrile membranes for ultrafiltration, J. Membr. Sci. 246 (2005) 67–76. 
[12] M. Wang, L. Wu, and C. Gao, The influence of phase inversion process modified by 
chemical reaction on membrane properties and morphology, J. Membr. Sci. 270 (2006)  
154–161. 
[13] S. Yang and Z. Liu, Preparation and characterization of polyacrylonitrile ultrafiltration 
membranes, J. Membr. Sci. 222 (2003) 87–98. 
6 Advanced Materials Design and Mechanics II
 [14] G. Arthanareeswaran, D. Mohan, and M. Raajenthiren, Preparation and performance of 
polysulfone-sulfonated poly(ether ether ketone) blend ultrafiltration membranes. Part I, 
Applied Surface Science. 253 (2007) 8705–8712. 
[15] J.-H. Kim and K.-H. Lee, Effect of PEG additive on membrane formation by phase 
inversion,  J. Membr. Sci. 138 (1998) 153–163. 
[16]   B. Chakrabarty, A. K. Ghoshal, and M. K. Purkait, Effect of molecular weight of PEG on 
membrane morphology and transport properties, J. Membr. Sci. 309 (2008) 209–221. 
[17] E. Yuliwati, A. F. Ismail, T. Matsuura, M. A. Kassim, and M. S. Abdullah, Effect of 
modified PVDF hollow fiber submerged ultrafiltration membrane for refinery wastewater 
treatment,Desalination, 283 (2011) 214–220,  
[18] N. A. A. Hamid, A. F. Ismail, T. Matsuura, A. W. Zularisam, W. J. Lau, E. Yuliwati, and M. 
S. Abdullah, Morphological and separation performance study of polysulfone/titanium 
dioxide (PSF/TiO2) ultrafiltration membranes for humic acid removal, Desalination, 
273(2011)85–92 
Applied Mechanics and Materials Vol. 372 7
